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Event biasing In Geant4

Event biasing (Variance reduction) technigues are a Vital requirement
for many. applications:

Since Geant4 Is a toolkit and also all source cede Is epen;, the USer can
do whatever he/shewants.

= Capable users In experiments/institutions createdi their own
Implementations; ofi event biasing| for their needs.

These feature could be utilized by many application fields suchi as
s Shielding
s Radiation envirenment assessment
s Doesimetry.

It IS more convenient for the wuser iff Geant4 itself provides most
commonly usedievent biasing technigues.
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Event biasing technigues

This IS a biasing technigue — most pepular for many: applications

Importance weighting fer velume/region
Puplication’ er suddeni death ofi tracks

Taking only. the mest energetic (o most Important) Secendary

Biasing primary: events and/er primary: particles ini terms of type ofi event,
moementum distrbutien, etc.

Eerce a panticular interaction, e.g. within a velume
Increasing cross Section for a pProcess

Biasing secendary production in terms off panticle type, mementum
distribution, Cross-section, ete.

=> Weight on track / event.
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Current features in Geant4

Partial MARS migration

= N, p,p,K(<5GeV)
= Since Geant4 0.0

Generall particle source module

= Primary particle biasing
= Since Geant4 3.0

Radioactive decay module

a Physics precess biasingl in terms of decay products and
moementum distribution
= Since Geant4 3.0

Geemetny hased biasing

= Since Geant4 4.2

Since Geant4 5.2

Hadronic proecess module
s Croess-section biasing (Photelnelactic, ElectronNuclear, PositronNuclear)

s Leading particle biasing| for hadronic processes

: Since Geant4 7.0
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Leading particle biasing

- EStimation of penetrating particles -

Simulating a full shewer Is an
expensive calculation.

Instead of generating a fiull
shewer, trace only the most
Energetic secondary.

s Other secondary particles are
iImmediately killed before
being stacked.

Convenient Way: te roughly.
estimate, e.g. the thickness
off a shiela.

Off course, physical guantities
such as energy. are not
conserved for each event.
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Geometre Biasing

The purpose of geometry based event biasing is to save computing time
by sampling less often the particle histories entering “less important”
geometry regions, and more often in more “important” regions.

* Importance sampling technique
* Weight window technigue
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Importance sampling| technigue

Importance sampling acts on particles cressing| boundaries between
‘Impertance cells.
The action taken depends en the iImpertance value assigned to the cell.

In general, a track is played' either split or Russian roulette at the
geemetricall boundary depending on the iImpostance value assigned te

the cell.
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The Weight Windoew Technigue

The weight window technigue Is a welght-based! algerthmi = generally.
used together with; ether techniques as an altermative to Importance
sampling:
s |t applies; splitting and Russian reulette depending omn space (cells)
and energy.

= User defines In contrast to defining Importance
values as in importance sampling

A weight windew may. be specified for every: cell anal for several energy.

regiens: :
Upber Energy Upper weight

Upper Energy

Lower weight E

1
i
I
1

> Lower weight

Apply infcombination with: other technigues such as cross-section biasing,
leading particle and implicit capture, or combinations ofi these.
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The weight windoew: technigue (continue)

Checks the particle weight

=, Compare the particle weight with a ‘window" ofi weights defined for
the current cell

a Play splitting or reulette ini case If It Is eutside; resulting ini 0 or moere
particles inside” the window.

E.g. WL is a lewer weight bound of a cell.
CU and’CS are upper imit factor and survivall facter, respectively.

s W= WL*CU Split track

s W < WL*WL Roulette

1 splitting
WL*CU | tosurvival weight
upper weight bound T
P=W/ (WL*CS"”
lower weight bound

WL | Russian roulette
kill or move to survival weight

WL*CS
survival weight

weight window

March 2006 Geant4 Tutorial Course




Setlp off geometric viasing
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Sampler for Geometry based biasing

Sampler Is the tep level class to apply Impertance sampling and weight
roulette.

class G4VSampler
public:
virtual ~G4VSampler(){}
virtual void PrepareScoring(G4VScorer* scorer) =0;
virtual void PreparelmportanceSampling(G4VIStore™* istore,
const G4VImportanceAlgorith* iag=0)=0;
virtual void PrepareWeightWindow(G4VWeightWindowStore *wwstore,
G4VWeightWindowAlgorithm *wwAlg=0,
G4PlaceOfAction placeOfAction= onBoundary)=0;

virtual void PreareWeightRoulette(G4double wsurvive=0.5,G4double wlimit=0.25,
G4double isource=1) = 0;

virtual void Configure() = 0;
... Snipped ....

}

G4MassGeometrySampler
Two concrete classes are provided for the

and the “parallel” geometry, respectively.
G4ParallelGeometrySampler

March 2006 Geant4 Tutorial Course




Concrete sampler classes

A concrete sampler classi is responsible for one particle type which
shoeuld be given to the censtructoer of the sampler class

Depending on the biasing technigue, the Configure() methoad! efi a
sampler will setup specialized processes, e.g. transpostation i the
parallel’ geemetry, Impertance sampling, Weight windew,, etc. for the
given particle type.

GANassGeometrySampler

s For a geemetny of the experiment to be simulatea.

GAParallelGeemetny/Sampler

s Fora parallel” geometny, Importance geemetry , Which may. be
constructed to define physical velumes according terwhich
variance reduction are appliead:

= World of “importance geometry” must exactly with “mass”
world

= Biasing and scoring| of charged particles in a field Is not yet supportea
When using an “importance geometry”.
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Setup Importance biasing

Decide whether to bias in “mass™ geometiy,
or In; a dedicated! parallel” geemetny (ImMpertance gecmetny:)

Assign an Impertance value ter a voelume for all of velumes in this geemetry
s The Importance s a (double) numhber.

= class Is| Used to store Importance values and related geemetry
cells.

Class G4l1Store : public G4VIStore{
public:
explicit G41Store(const G4VPhysicalVolume &worldvolume);
void AddImportanceGeometryCell(G4double importance, const G4GeometryCell &gCell);
void AddImportanceGeometryCell(G4double importance, const G4VPhysicalVolume &,
G4int aRepNum = 0);
--- shnipped ---

Register the processes for iImportance biasingl fior each particle type

. : / G4 prepares the
process. The particle type Is given to the constructor.

This configuration: IS prepared Dy

With impertance values and the algerthn.

a The default algerithm Is implemented in G4lmpoertanceAlgerthn class

derived from; G4VIimportanceAlgertam base class.
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Setup weight window: Biasing

Assign a lewer weight beund value and a UpperEnergy beund to a volume
for all of velumes in this geemetry

s Both bounds are given in (double) numbers.
o0 class stores bound values in cells.

Class G4WeightWindowStore : public G4VWieghtWindowStore{
public:

explicit G4WeightWindowStore(const G4VPhysicalVolume &worldvolume);

void AddUpperEboundLowerWeightPairs(const G4GeometryCell &gCell,

const .G4UpperEnergyToLowerWeightMap& enWeMap);
void AddLowerWeights(const G4GeometryCell &gCell,
const std::vector<G4double> &lowerWeights);
void SetGeneralUpperEnergyBounds(const
std::set<G4double,std::less<G4double>> &enBounds);

--- snipped ---
Sampler prepares processes to a particle type.

Boundary, Collision, or Both

s The weight windew: algerithm IS previded by
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More on using Importance biasing

= Scorer may e used with the Sampler using
GASCorer IS, provided as a concrete scorng| class.

A “scorer” class denves; fromi the interface G4VSscorer. Users may: create
customized! “scorers:. See exampleB02: for detall.

= Checking importance sampling
A default implementation is provided through G4Scorer, which provides
following parameters:
= => Importance

Tracks entering : Number of tracks entering the cell
Population : Number of tracks including produced in the cell
Collisions : Number of steps limited by physics process in the cell
Coll*WGT : Weighted sum of collisions
NumWGTedE : Number weighted energy
FluxWGTedE  : Flux weighted energy
Av. Track WGT : Average track weight

March 2006 Geant4 Tutorial Course




Examples/exiended/niasing
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Biasing| example B0l

SHEWS! theimperiancersanmpling
Option to shew Welght Windew.
10r MeV: neutrens shielding by cylindrical’ thick concrete material
Geometry,
s 80 cm high concrete cylinder divided into 18 slals

s |mportance values assigned to 18f concrete slalbs in the
DetecterConstruction for simplicity.

s [he G4Scorer Is used for the checking result
Tep level class Uses the framework provided for scoring.
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Energy bounds, < 1 GeV.
Upper limit factor : CU =1,

Weight Window Technique

Survivall factor

CS =1

Lower limit weight is; propertional ter 2% aleng te slans
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Flux multiplied by Kinetic energy of particle
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Example B02

B02 example for showing
Importance sampling i a parallelf geemetny.
a custemized scoring making use of the scoring firamework.
Mass geometry. consists ofi a 180 cm high simple bulk concrete
cylinder
A paialiel geemety/ s created to hold importance values for
slals of width 10cmi and folF scerng.

INote: Tihe parallel'world velume must overap the mass world
velume

The radil of the slabs is larger than the radius of the: concrete
cylinder infthe mass geemetry.

The importance value is assigned to each; G4GeometryCell”

m Pairs of G4GeometyCell and importance values are stered In
the Impertance stere, GAlStore.

The scoring uses the G4CellSCorer and one custemized scorer
for the last slal.

It can be buillt and run; using| the' Pl implementation of AIDA
For this see hittp://cern.ch/Pl.
At the endi a histogram called “b02.hbook" is created.
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Example BO3

Uses Geant4: importance sampling and scering through
It creates a simpler histegram.

It demonstrates how: te Use a customized scorer andl importance
sampling N’ combinatien Withra seripting language; python.

Geant4d code IS executed fromi a python session.

s Note: the swig package Is used to) create python shadow: classes
and te generate the code necessary. to use the Geantd libraries
from a pythom session.

It can e buillt and run; using| the: Pl implementation of AIDA
s [For this see http://cern.ch/Pl.
At the end a histegrami called “trackentering.nbeok™ Is created.
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Plans for event biasing in Geant4

Extend “importance™ geometries for use with charged particles in field.

s New navigation system! fior parallel geeometries are Under preparation
and will' e released! seon.

= Implementation of geometric biasing in “importance” geometry: will
e migrated to use this new: navigation.

Scerer may be separated from event biasing.
s Scorer will be merged with sensitive detector for simplicity.

User’s contribution is welcome.
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